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Abstract 
 
The objective of this research was to evaluate the results and characteristics of 
utilizing different image file formats in inkjet textile printing. Two format files derived 
from digital camera (JPEG and RAW format files) and two TIFF format files derived 
from scanning the transparency films were sent through color management processes and 
adjustment procedures. These images files were then rendered on 100% cotton fabric using 
an inkjet textile printer. 
The evaluation and analysis of the image files and textile patterns were based on 
visual assessment and measured values. The end result of this experiment was mainly to 
evaluate the image resolution, color difference, density and texture reproduction; 
specifically, outlining the advantages and disadvantages between different file formats for 
digital textile printing application. 
The investigation indicated that the JPEG, RAW, and TIFF format files appeared 
to have discrepancy in the original image file, and also had difference in color accuracy 
when reproducing on cotton fabric, but showed similar results in printable density range, 
print contrast, and texture reproduction. 
Photographing in the RAW file format and then converting to the TIFF file format 
ensures the image of having robust editing capability and precise print result in color 
accuracy. If using JPEG file format, users must caution the posterization phenomenon and 
 x 
discontinuous tone problem. For transparency film, either scanning in original size and 
then applying interpolation twice from the original size or scanning directly in target size 
results in similar performance. However, to achieve color accuracy, users should consider 
utilizing digital camera and avoid using film in the workflow. 
The digital textile printing provides a new and easier approach and lowers the 
boundary for entering the textile printing industry. This technology makes the product 
customization and one-of-a-kind short run become possible. However, when entering this 
field, the new users certainly will encounter the problems immediately related to the 
different image file formats. This research offers a resolution to answer the question 
about different file formats. 
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Chapter 1 
Introduction 
 
Overview 
 
Image files of various formats and sizes are often problematic in prepress workflow. 
Although images captured from a digital camera can save a great amount of time during 
processing and accelerate the handling process, images captured by way of scanning film is 
still common in many environments. Simultaneously, in recent years, the technology of 
digital textile printing has matured and is now widely accepted. As a result, further 
investigation is required to better understand the role image files and formats derived from 
digital and conventional camera play in digital textile printing. 
 
Statement of the Problem 
 
Digital cameras provide a convenient and rapid method of image acquisition. 
Unlike photographic film, digital images do not need extra chemical processing time and 
scanning procedures. However, acquiring an image file via a scanning procedure is still 
playing a significant role in the current market. Additionally, whether using a digital 
camera or scanner, selecting a proper image file format for storage is a big concern. 
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Generally, digital cameras not only support Joint Photographic Expert Group (JPEG) file 
format, but also Tagged Image File Format (TIFF), and the high-end or advanced Digital 
Single-Lens Reflex (DSLR) camera supports RAW file format. In contrast, after scanning 
film, users most often store image files as either JPEG or TIFF file format. 
The JPEG, TIFF and RAW file formats have different image properties that may 
show the differences and affect the image quality in the prints. While comparing the prints 
of different file formats on paper substrate may be simple, printing different format files on 
textile fabric is quite different. Unlike paper substrate, textile fabric has to be processed in 
pre- and post-treatment procedures which add variables that may affect the print quality. 
Although the machinery, software, and ink of digital textile printing have improved 
enormously in recent years, the question of how the file format used (RAW, JPEG, and 
TIFF) import the print quality of inkjet textile printing. 
 
Background and Present Significance 
 
Prior to digital camera use, photographing and scanning were essential procedures 
in acquiring an image file regardless of the original object. Depending on the end use, two 
types of file formats have been used most often for storage in photography and printing 
fields: 
 JPEG, which is a compressed format with fragmentary file information and small file 
size. 
 TIFF, which is an uncompressed format with complete file information and large file 
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size. 
Digital camera use generally simplifies the workflow. In addition, many of these 
cameras not only support JPEG and TIFF file formats, but also a RAW file format. As the 
name implies, the RAW file is an uncompressed file format with raw file data. It includes 
the most file information, has the largest file size, and possesses the most robust editing 
capability. The major difference between JPEG, TIFF and RAW file formats is in how 
much information and details they record. 
Advances in digital textile printing improve daily, with most screen printers 
predicting this new approach will supersede conventional textile printing within the next 
decade (Borman, Dehghani, Dennis, Jahanshah, & Wang, 2004). Conventional textile 
printing, however, will still have a place as it accepts the image with lower resolution, and 
has lower unit price. Ultimately, whether different file formats and image properties will 
be of big concern for digital textile printing is worth further investigation. 
 
The Reason for Interest in the Study 
 
Over the past decade, photography was transitioning from film to digital camera 
use. With the advantages and disadvantages of each the subject of endless arguments, the 
author was already impressed with the convenience and efficiency of the digital camera. At 
the time, the author was working as a Photographer and Assistant Graphic Designer in a 
Prepress Textile Printing company. When digital camera use increased in popularity, the 
company started to address problems relative to the image source. With the exception of 
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scanning transparency film and paper pattern, the company received a variety of files 
directly photographed from digital cameras. Since the company did not have a consistent, 
stable Color Management System and handling process in the workflow, the company 
experienced problems with different image sources and file formats derived from 
photographic film and digital camera. 
Besides the problems from different image sources and file formats, there exist 
limitations in traditional textile screen printing. A major issue in traditional textile screen 
printing is its inherent limitation and complexity in many pre-treatment and post-treatment 
procedures for textile fabric. Each treatment procedure affects the color slightly. These 
variables make the workflow very challenging, if not difficult, when implementing a Color 
Management System. Fortunately, when adopting an inkjet textile printer, use of a Color 
Management System in the workflow becomes possible and doable since there are fewer 
treatment procedures for textile fabric. Assuming a good Color Management System is in 
place, the concern of this study focused on addressing different file sizes and formats 
along with its affect on output results in digital textile printing. 
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Chapter 2 
A Review of the Literature in the Field 
 
Overview 
 
The varieties of image formats are differentiated by the level of features they 
possess (Arena, Johansson, Lundberg, & Ryberg, 2007). Choosing which format to use for 
output of images depends on the compatibility of the programs and the desired purposes 
(Evening, 2007). Although digital and conventional cameras satisfy users with a variety of 
convenient options for acquiring images, use of the different image sources and file 
formats is often problematic. 
 
Image Properties 
 
A bitmap image is made up of a collection of pixels or dots in a big grid. Regardless 
of image, a pixel is the only way to represent the delicate details and gradations of 
photorealistic images (Blatner & Fraser, 2004). A pixel-based image can be created by 
scanning the physical original, photographing directly using a digital camera, or creating it 
with a software application such as Adobe Photoshop (Arena et al., 2007). 
In a bitmap image, each pixel is represented by a specific number of 0s and 1s; 
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otherwise known as bit depth (Blatner & Fraser, 2004). A bit is the smallest unit of data, 
containing either black or white (either a zero or a one). A byte, comprised of eight bits, can 
represent 25628 =  different gray levels or possible colors (Reichmann, 2007). The 
experiment has researched the minimum values of gray level needed to fool human eyes 
into seeing a continuous tone image of around 240 levels (Rodney, 2005). RGB (Red, 
Green and Blue) color images consist of three 8-bit or 16-bit grayscale images; hence, an 
8-bit RGB image can contain any of 16.7 million (256 x 256 x 256) unique color 
definitions, while a 16-bit image contains 35 trillion unique color definitions (Fraser, 
2005). 
The reason why many more colors are captured than printed is because the larger 
number of bits gives much more tonal information and editing flexibility (Blatner & Fraser, 
2004). Almost any digital camera supports 24 bits images (eight bits per channel), and 30, 
36 or 42 bits images in professional level digital cameras (Arena et al., 2007). Scanning at 
greater than eight bits preserves color and tonal quality through adjustment (Blatner, 
Chavez, Fleishman, & Roth, 2004). However, most devices in the digital world (such as 
monitor and inkjet printer) operate on 8-bit images (Reichmann, 2007). 
 
Image File Formats 
 
Overview 
New digital camera users may be confused about the difference between RAW, 
TIFF, and JPEG files (Atkins, 2004). This confusion is simply about option and selection 
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of the proper file format for end use (Kfouri, 2006). Generally, depending on the type of 
digital camera, RAW, TIFF, and JPEG file formats are used. Fewer digital cameras in the 
current market support TIFF file format since the RAW file format has more robust editing 
capability and can easily convert to the TIFF file format. 
When scanning into a computer, images are often saved in a JPEG file format for 
common use. For high-quality editing though, it is best to save the original scans in TIFF 
file format (Blatner et al., 2004). 
 
RAW File Format 
RAW file format is a general term for a variety of proprietary file formats (Fraser, 
2004). Different camera manufacturers use their proprietary file extensions. For example: 
Nikon’s .NEF, Canon’s .CR2 or .CRW, and Eastman Kodak’s .DCR. RAW format is 
regarded as the negative of a digital camera (Arena et al., 2007). This format represents the 
raw data the camera’s sensor captures in a form prior to processing as a color image 
(Rodney, 2005). After shooting an image in RAW format, high-end software such as Adobe 
Photoshop or Aperture is used to convert the RAW file into either a TIFF or JPEG file. A 
key advantage of using a RAW file is that users can adjust almost any settings (such as 
white balance, color saturation, brightness, contrast, etc.) after exposure (Kfouri, 2006). 
Additionally, the RAW format file is normally stored with 12-bit or 14-bit color depth; 
hence, it offers the possibility of the most image information and the highest image quality 
(Arena et al., 2007). 
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TIFF File Format 
TIFF is a standard bitmap file format in printing and publishing industries 
(McHugh, 2007b). Theoretically, TIFF files may have an unlimited bit depth. Most 
software, however, uses standard sizes. CMYK (Cyan, Magenta, Yellow and Black) files 
use 1, 2, 6, or 8 bits per channel. RGB files use 8 or 16 bits per channel (Blatner et al., 
2004). When storing a TIFF file, either a compressed or uncompressed format is used so as 
not to lose any image information (Evening, 2007). TIFF file is a tremendous option for 
distributing and archiving intermediate files that someone may continue editing later 
(McHugh, 2007b). Although the TIFF file format also offers uncompressed and 
unprocessed data, users still need to correctly and properly set the camera parameters (such 
as white balance, color saturation, etc.) before shooting as adjusting these settings in the 
program degrade the image quality (Kfouri, 2006). 
 
JPEG File Format 
JPEG is a format used by most scanners and digital cameras (Johnson, 2004). This 
format is designed to compress images with continuous-tone color (Burger & Varnell, 
2000). JPEG is a lossy compressed file format that loses image quality each time the file is 
saved (Blatner et al., 2004). A great property of this format is that users can vary the 
compression level to suit their needs (Johnson, 2004). However, the image file stored in 
the high compression level with small file size causes sharp edges to appear jagged and 
rough (Burger & Varnell, 2000). Typically, a JPEG file offers eight bits per channel, 
representing only 256 levels for each red, green, or blue color (Kfouri, 2006). Although the 
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JPEG file format does not support editing flexibility and image quality as does RAW file, 
its small file size offers the capabilities to conveniently preview the image, to rapidly share 
the file, and to store the file in small size (Rodney, 2005). 
 
Image Acquisition 
 
With the exception of flat objects that allow scanning directly, almost all objects 
had to be photographed and then scanned to acquire the image files prior to the advent of 
the digital camera. Hence, the selection of film, the quality of the original image, and the 
capability of the scanner determined the ultimate image quality. Resolution, bit depth, and 
dynamic range were all critical factors affecting the quality of scanned images. 
Resolution needs vary depending on scanning materials and target size (Blatner et 
al., 2004). An important issue to note is the difference between optical and interpolated 
resolution. Optical resolution is the actual resolution the scanner supports while 
interpolated resolution is a mathematical increasing of the resolution based on optical 
resolution (Arena et al., 2007). Basically, a scanner cannot capture more usable 
information than the optical resolution (Blatner et al., 2004). 
Most scanners support eight bits per red, green, and blue color channel while 
high-end scanners usually support 12, 14, and even 16 bits per color channel. The higher 
the bit depth a scanner supports, the more tone values the image has and the better the 
editing capability of the file (Arena et al., 2007). Dynamic range describes the range 
between the lightest white and the darkest black a scanner or a digital camera can capture 
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(Bunting, Fraser, & Murphy, 2005). Dynamic range is measured in density (symbol D). 
The density of transparencies is as high as 4.0D; negative films are around 3.0D; and prints 
are typically less than 2.0D (Blatner et al., 2004). The density for 24-bit images (eight bits 
per channel) is around 2.4D while 48 bits images (16 bits per channel) can reach 4.8D 
(McHugh, 2007a). Figure 1 illustrates the process of scanning the file to acquire the file. 
 
Figure 1: The Process of Acquiring Files from Scanning the Film 
 
Rather than film, a digital camera is equipped with a RGB filter array known as a 
Bayer matrix and a digital detector (Arena et al., 2007). This sensor is a two-dimensional 
detector array for recording the red, green, and blue photons, with each detector 
contributing one pixel to the final image (Fraser, 2005). 
Figure 2 illustrates the process of acquiring different format files using a digital 
camera. 
Photographing a scene 
using films 
Chemical processing 
JPEG file (8 bit data) 
or TIFF file 
(8 or 16 bit data) 
 
Scanning the films 
(Scanner’s sensor) 
Scanner software 
(Manipulation will not 
affect the raw data) 
Scanner firmware 
(Corrections on the 
CCD output, like 
color, contrast, etc.) 
Raw data output 
Sources: Wolff, 2002 
 11 
 
Figure 2: The Process of Acquiring Different Format Files from a Digital Camera 
 
RAW data is the output from each of the original red, green, and blue sensitive 
pixels of the image sensor after array electronics read the array and pass it through 
an analog to digital converter. Readout electronics collect and amplify the sensor 
data. At this point, the ISO (also known as Sensitivity) is set (Atkins, 2004). 
Readout electronics 
ISO setting 
Digital camera’s 
sensor 
JPEG compression 
(Compress to 8 bit) 
JPEG file 
(8 bit data) 
TIFF file 
(8 or 16 bit data) 
RAW file 
(14 bit data) 
Bayer interpolation 
   White balance 
   Saturation 
   Contrast 
   Sharpness 
   Etc. 
Photographing a scene 
Sources: Atkins, 2004 
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A TIFF file also offers intact data, but users need to set the camera parameters prior 
to shooting as the TIFF file cannot adjust settings like the RAW file can. Additionally, 
adjustment of these settings in the program degrades image quality (Kfouri, 2006). When 
shooting an image in JPEG format, the camera’s built-in converter automatically 
compresses the image into eight bits per color channel file (Fraser, 2005). 
 
Image Processing Workflow 
 
It is significant to build a workflow that provides a level of standardization and 
versatility for all types of image capturing plans within the project (Generic Image 
Digitisation Workflow, 2008). A standardized or customized workflow guarantees having 
benefits in processing time and avoiding any mistakes. However, there are some general 
principles to be taken into consideration during image capturing and processing workflow. 
The essentials are as follows: 
• Capture the best image quality 
• Use full size and uncompressed image 
• Avoid any image interpolation 
• Archive and use standard file formats 
(Generic Image Digitisation Workflow, 2008) 
The image quality is mainly affected by the inherent factors in cameras, lenses, 
scanners, and printers then subordinately by the post-processing procedures (Image quality 
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factors for cameras and lenses, 2008). The operators utilize the maximum possible 
capability of the devices to capture the best image quality. In post-processing procedures, 
users treat the image files carefully depending on the compatibility of the programs and 
desired purposes to maintain the image quality (Evening, 2007). 
The file size of the captured image must be equal or larger than the required size 
and stored in an open uncompressed file format (Basic guidelines for image capture and 
optimization, 2006). To achieve the required size, the image file with insufficient data is 
heavily manipulated and magnified in photo-editing programs (Kfouri, 2006). Although 
the lossy compressed images have comparative smaller file size, they have file data 
selectively discarded from the originals and are no longer recoverable (McHugh, 2007b). 
Image interpolation is a process of multiplication of the pixels (Koren, 2008). This 
process performs image resampling and color reproduction based on the pixel values at 
surrounding pixels (McHugh, 2008). Unfortunately, this procedure cannot add detail to the 
original image since the detail is not present, and easily decreases the image quality 
(Blatner et al., 2004). 
“A standard image format is one that is cross-platform compatible and supported by 
the majority of graphics applications” (Chastain, 2008). Both JPEG and TIFF file formats 
are standard file format for storing, editing, and displaying in the photographing and 
printing field (McHugh, 2007b). RAW file format is not a standard file format because 
different camera manufacturers use their proprietary file extensions (Arena et al., 2007). 
Hence, before transporting the image file, it is best to convert the RAW format file into a 
standard file format. 
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Figure 3 illustrates the image processing procedures from image capture in digital 
camera and conventional film to press run. 
 
Figure 3: The Image Processing Workflow 
 
The Application of Color Management in Digital Textile Printing 
 
“Color management is defined as the use of hardware, software, and methodology 
to control and adjust color among different devices in an image system” (Sharma, 2004, p. 
2). Printing on fabric cannot achieve precise color matching without proper color 
management (Adams, 2004). Unlike paper which has a smooth surface, textile fabrics have 
a relatively rough surface. This makes digital textile printing more difficult in terms of 
Image capture 
Digital camera Conventional film 
Film processing 
Scanning film 
 
 
 
Image adjustment and optimization 
RAW or JPEG file TIFF or JPEG file 
Soft proofing Hard copy proofing Press run 
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achieving uniform and high-quality prints (Borman et al., 2004). Hence, to achieve desired 
results in inkjet textile printing, use of a Color Management System is critical. 
In the textile printing industry, the ideal file format is in the TIFF format since it is 
an established industry standard for image files (Ross, 2000a). In addition, for years, the 
digital textile printers have enhanced the textile inks to produce patterns and short run 
prints faster and more competitively (Liker, 2008). 
Although printers can follow normal Color Management System procedures, some 
essentials are worthy of noting. First, the defect of CMYK inks in reproducing bright red, 
green, and blue colors might not achieve the requirement of the textile industry (Gordon, 
2001). Therefore, special colors may need to be added. Secondly, knitted materials must be 
thick enough to achieve an opaque sample to prevent the light from penetrating the sample 
and reflecting from the backing (Butts, n.d.). Lastly, all characterizations of fabric, ink, 
printer, and post-treatment procedures must be taken into account when profiling as all 
variables will affect color appearance (Gordon, 2001). 
 
Current Status and Trends in Digital Textile Printing 
 
In the present day, the challenge that pattern designers and sellers face in the textile 
industry is the need to bring new products to the market at an ever increasing speed (Liker, 
2008). While inkjet textile printing technology has been around for more than ten years, the 
technology became more acceptable and workable after 2004 once machinery and inks 
produced durable print with sufficient opacity and brightness (Sexton, 2007). 
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Benefits of digital textile printing include an unlimited number of printable colors, 
unlimited repeat size, reduced sampling times, and reduced costs on short-run production 
(Easterling, 2000). The new generation of inkjet textile printers can support any textile 
fabric without leaving lint, which may block the nozzles (Ross, 2000b). New technology 
also allows inkjet textile printers to work very well on 100% cotton fabric without any 
additional supplementary materials such as transfer paper used in sublimation printing 
(Coombs, 2006). 
Digital textile printing indeed opens the entrance for new retailing opportunities to 
market high-quality one-of-a-kind short runs (Ross, 2000c). This new technology is 
establishing its pathway in industry for its economy, rapidity, versatility, high quality, and 
unlimited color choice (Jajpura, Khandual, & Nayak, 2007). IT Strategies reports 
world-wide retail value of prints from inkjet textile printers was US$3.3 billion in 2005 
with the forecast of it growing to an $18 billion industry by 2010 (Scrimshaw, 2007). 
The technology of digital textile printing is proceeding rapidly. In the short term, 
inkjet textile printing is evolving into mass customization products. In addition, traditional 
rotary and flat screen printing are being superseded by digital textile printing (Borman et 
al., 2004). Companies are realizing that the future of digital textile printing is not only 
about new products, new markets and new opportunities, but also a very different value 
proposition (Ross, 2000c). 
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Chapter 3 
Research Statement 
 
Does the use of RAW, JPEG and TIFF file formats printed on cotton fabric result in 
any discrepancy in image resolution, Delta-E (∆E) color difference, printable density 
range, print contrast, and texture reproduction? 
 
Limitations 
 
The main objective in this research was to evaluate the results of utilizing different 
image file formats in digital textile printing. The devices used in the experiment were 
under specific brands and models. The affections and variables from the properties of 
cameras, lens and transparency film and the film processing procedure were not taken 
into consideration. Moreover, for cotton fabric, the inkjet textile printer required the 
image resolution at 360 pixels/inch or higher. Hence, the image files acquired from 
digital camera and scanner were adjusted and scanned at 360 pixels/inch. 
The specification of 100% cotton fabric for this experiment is 133x72/40x40. 
133x72 indicates 133 threads in warp and 72 threads in weft per square inch; 40x40 
indicates the fabric thickness. This specification uses fine cotton fabric found and used 
mostly in the bedding market. For contrast, a specification of rough cotton fabric 
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typically used in blue jeans is 70x42/10x10. Since the printing material and ink were 
under particular cotton fabric and seven color reactive dye-based inks, the results from 
different fabric and ink combinations such as nylon with acid dye ink or polyester with 
disperse dye ink might differ from this experiment and could be studied in further 
investigations.
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Chapter 4 
Methodology 
 
Introduction 
 
The research objective was to evaluate the results and characteristics of utilizing 
different image file formats in digital textile printing. Two file formats derived from the 
digital camera (RAW and JPEG files) and two files (TIFF) derived from scanning the 
transparency films were studied. All four files went through color management processes 
along with adjustment procedures with files applied on an inkjet textile printer for printing 
on 100% cotton fabric. This experiment concluded with an assessment of the advantages 
and disadvantages among the different file formats as well as a stable workflow for the 
digital textile printing process. Quality analysis was based on visual evaluation and 
measured values. 
The experiment started out with using a high-end DSLR and a professional-quality 
film camera with transparency film to photograph specific elements and standard test 
charts. To achieve consistent color and reproduce color accurately, custom profiles were 
built for the digital camera, scanner and printer. Following this, two TIFF files (derived 
from scanning the film) as well as a RAW and a JPEG file (derived from digital camera) 
were imported into Adobe Photoshop. After assigning profiles to the corresponding images 
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and converting them to the same working space, tone and color were adjusted to match the 
CIE Lab values in six neutral patches of ColorChecker. All files were then saved in TIFF 
format. The press run was held in Taiwan at Mei Ho Printing & Plate Making Co., Ltd., 
the DuPont’s commission printer and also the author’s sponsor. All samples were 
collected and analyzed using a series of assessments and measurements. 
 
Step 1: Test Target 
 
To start out with the color management process, a test target was assembled and 
photographed for later measurement and analysis. The scene mainly consisted of colorful 
objects and standard charts. They included subjects as diverse as a crayon, colored paper, 
doll, and cloth. The standard charts included Kodak Gray Scale Q-14 (Figure 4) and 
GretagMacbeth ColorChecker (Figure 5). 
 
Figure 4: Kodak Gray Scale Q-14 
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Figure 5: GretagMacbeth ColorChecker 
 
The Kodak Gray Scale Q-14 is commonly used in photo studios. It is an important 
reference in comparing and evaluating the tone values between original and reproduction. 
The GretagMacbeth ColorChecker is an industry-standard target. It contains 24 samples 
representing real-world colors. In addition, it provides the needed standard for comparing 
and analyzing the differences across film, digital image, proofing, and printing processes. 
Both Q-14 and ColorChecker have great spectral uniformity, which guarantees the 
reflecting of light consistently throughout the visible spectrum (Myers, 2002). 
The Gray Scale Q-14 contains 20 patches. Each step is 0.1 denser or lighter than 
the adjacent step. Measuring and comparing the Q-14 density values aids in 
understanding the printable density range and print contrast in the print. The LAB values 
measured from the GretagMacbeth ColorChecker can calculate Delta-E (∆E) color 
differences to evaluate the color accuracy. The Delta-E value quantifies the difference 
between the reference and reproduction. The lower the Delta-E value, the better the color 
accuracy and color matching. 
The colored paper and rainbow cloth are utilized to evaluate the reproduction 
capability of the color appearance of the fabric and paper. In textile printing, the routine 
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process often requires photographing the paper or textile pattern to reproduce the same 
design on the fabric. The doll and crayon are utilized to assist in visual assessment and to 
evaluate the texture reproduction. 
Since the ratio of image dimension for digital camera was in 2:3 (4:6) and for 
transparency film was in 4:5, all components were arranged within the range of ratio in 4:5 
to prevent the scene beyond the area. For the sake of acquiring sufficient and even lighting, 
the scene was built on a table and photographed using two studio strobe lights with 5000 
Kelvin illumination positioned at a 45-degree angle from the object. 
 
Step 2: Device Profiling 
 
The device profile provides approaches for representing the actual color values and 
ensures consistent color. “A profile describes the relationship between a device’s RGB or 
CMYK control signals and the actual color that those signals produce” (Bunting et al., 
2005). Without profiling, the imaging devices may not produce colors correctly. 
 
Digital Camera Profiling 
An image of a GretagMacbeth ColorChecker test chart was photographed in the 
same environment as the scene photographed as the test target. The image file was then 
opened in the GretagMacbeth ProfileMaker software. While profiling, color correction 
and adjustment that automatically compiled in the camera was turned off. After 
establishing the custom-built profile, the JPEG file derived from digital camera was 
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imported into Adobe Photoshop CS3 and assigned to its profile. 
 
Scanner Profiling 
The Kodak IT8.7/1 Transparency Target Chart maps the gamut of color space that 
the Kodak Ektachrome transparency film reproduces. The Kodak EverSmart Pro scanner 
was used for this research. This scanner adopts the unique XY-stitch technology, allowing 
the CCD sensor scanning with motion along both the x and y axes, and is capable of 
scanning at 6,400 dpi maximum resolution to produce high-quality image files. To make a 
scanner profile, the IT8.7/1 4x5 inches transparency target was scanned at 300 dpi, an 
acceptable resolution in most profile-making software. The file was then stored in TIFF 
format. Also, the scanner’s settings were verified; ensuring transparent type, color RGB 
mode, 4x5 inches format, and positive media. In addition, all color management functions 
were disabled. The scanned file was then opened in GretagMacbeth ProfileMaker software 
to generate the scanner’s profile. Once built, the two scanned files making up the profile 
were imported into Adobe Photoshop CS3 and assigned to its profile. 
 
Printer Profiling 
To build the DuPont Artistri 2020 digital textile printer’s profile, the same 100% 
cotton fabric used in the ultimate output was used. The ECI 2002 target file was opened in 
Adobe Photoshop, with the color management system disabled. The output sample was 
then sent to the GretagMacbeth SpectroScan and ProfileMaker to scan and generate the 
profile. 
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Step 3: Image Capturing and Scanning 
 
To capture images, the Canon EOS 40D was used. This is one of Canon’s 
professional-level digital single-lens reflex (DSLR) cameras, which is equipped with a 
10.1 effective megapixels resolution sensor and capable of 42 bits color depth (14 bits per 
channel). This is the highest bit depth available in the current DSLR camera market. This 
camera generates the 42-bit (14 bits per channel) uncompressed RAW file in Adobe RGB 
(1998) color space and the 24-bit (8 bits per channel) compressed JPEG (EXIF 2.2) file in 
sRGB IEC61966-2.1 color space. The image capture also used a conventional camera 
(Toyo-View 4x5CF view & field) accompanied with a transparency film, the Kodak 
Ektachrome 100 Plus Professional Film (EPP). 
Exposed film was processed normally. The developed film was scanned twice with 
different target sizes using 24 bits (8 bits per RGB channel) and was then stored in an 
uncompressed TIFF file format. The first scan settings were set at 360 ppi and original 
dimension (4x5 inch) in target size. The second scan settings were set at 360 ppi and 8x10 
inch in target size. 
 
Step 4: File Adjustment 
 
When opening Adobe Photoshop CS3, the Color Settings are verified to ensure the 
settings were the same as those shown in Figure 6. The criteria of tone and color 
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adjustment for four images was based on CIE Lab values under illuminate D50 in white, 
four neutral and black patches (No.19-24) of ColorChecker. 
 
Figure 6: Photoshop’s Color Settings 
 
To adjust the RAW format file, the file was opened in Photoshop’s Camera Raw 
Plug-in. The Workflow Options were set in Adobe RGB (1998) space, 16 bits/channel 
depth, and resolution at 360 pixels/inch with the image size in 57.7 MB. The tone curves 
were then adjusted to match the CIE Lab values of six patches. Prior to saving, the Crop 
Tool was used to adjust image size to 10 inches in width and 7.2 inches in height to have a 
uniform width size. After adjustment, the image resolution and size were at 3600x2592 
ppi and 53.4 MB. Upon completing all adjustments, the file was saved in TIFF format 
without compression. 
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To adjust the JPEG format file, the digital camera’s profile was assigned to the file, 
with the profile converted to the Adobe RGB (1998) as the destination space and relative 
colorimetric as rendering intent. The black point compensation was turned on. The 
document was resized to 10.8 inches in width, 7.2 inches in height, and 360 pixels/inch in 
resolution which maintained the image dimension at 100 percent with the image size in 
28.8 MB. The tone and color of the image were adjusted to match the criteria. The same 
cropping procedure was performed as in RAW format file, ensuring the same file size in 
width. The image resolution and size were at 3600x2592 ppi and 26.7 MB. Upon 
completing all adjustments, the file was saved in TIFF format without compression. 
To adjust the TIFF format files, the scanner’s profile was assigned to the files, 
converting the profile to the Adobe RGB (1998) as the destination space and relative 
colorimetric rendering intent and turned on the black point compensation. The processed 
transparency film had a thin black frame surrounding the image. To avoid this frame 
when printing, for the 4x5 inch file, the Crop Tool was used to adjust image size to 3.76 
inches in height and 4.7 inches in width. The image resolution and size were at 
1354x1692 ppi and 6.55 MB. Then, the document was resized (interpolation procedure) to 
7.52 inches in height and 9.4 inches in width, maintaining the same resolution. For the 
8x10 inch file, the image was cropped to 7.52 inches in height and 9.4 inches in width 
with the image resolution and size at 2707x3384 ppi and 26.2 MB. For both images, the 
tone and color were adjusted as in the JPEG file to match color criteria. Upon completion 
of adjustments, the file was saved in TIFF format without compression. 
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Step 5: Press Run 
 
Before sending files to the printing press, each TIFF file was rearranged to fit the 
fabric size and test condition. In Taiwan, the maximum width of all kinds of textile fabrics 
was 60 inches; hence, cotton fabric with a width of 60 inches was used in the press run. 
Moreover, all print files used the entire print area to achieve more objective test results as 
well as to avoid any mechanical factors, which may affect print results. 
In theory, the print area of the printer was in uniform condition. No matter which 
image was printed in the center or edge, ink densities in any area should be within a 
tolerance range. Hence, when printing, the CMYK color bar positioned along the edge of 
images were printed. Measuring density values across the sheet verified that the prints 
were in the even printing condition. In addition, to have sufficient and objective 
experiment data to be analyzed, each image was printed ten times across the print area. 
To achieve this, each TIFF image file was duplicated five times, then rearranged and 
merged into a single file containing two inch margin between images and an overall 
width of 58 inches. Printing of each merged file consisted of five images being printed 
twice. There were ten output patterns for each TIFF file. Figure 7 explains the correlation 
between the merged file and material size. 
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Figure 7: Correlation Between Merged File and Material Size 
 
For the press run, four merged TIFF files were sent to the Mei Ho Printing & Plate 
Making Co., Ltd. in Taiwan. The press used a DuPont Artistri 2020 printer and seven 
reactive dye-based inks (cyan, light cyan, magenta, light magenta, yellow, black, and light 
black) to print on 100% cotton fabric. The printer settings were set at 360 dpi resolution, 
16.7 sq. m/hr highest quality, Adobe RGB (1998) working space, and the custom profile 
built in the previous step for cotton fabric with the DuPont Artistri 2020 printer as CMYK 
working space. The output textile patterns were returned to RIT for advanced measurement 
and analysis. 
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Step 6: Data Analysis 
 
Evaluation and analysis of the proofs and output patterns were based on visual 
assessment by the researcher and measured values. 
The first visual assessment was performed on the Apple Cinema Display, a 
calibrated monitor via Adobe Photoshop. To start out the comparison process, the four 
TIFF image files were opened and placed side-by-side. Actual print size and 300% 
enlargement were compared; specifically, focusing on the portion of the ColorChecker and 
the appearance of skin tone. This process was used to determine whether there was any 
jagged edge, faded spot or any tone and color discrepancy between the original images. 
The visual assessment of the printed results was performed based on observing the 
entire tone and color performance at a viewing booth under D50 light source. Before 
evaluating, the densities (D) of the CMYK color bar along the edge of each image were 
measured, ensuring the entire output prints had even density values; if any textile pattern 
had density values out of the tolerance, the textile pattern was abandoned. 
To evaluate the reproduction capability of image texture and detail on the cotton 
fabric, the images printed on matte and luster photo papers were used to compare with the 
textile patterns. Two paper proofs along with their output pattern were placed side-by-side 
on the table, comparing the pattern with its proofs. The matter and luster photo papers and 
textile patterns were visually evaluated to determine how well the image texture and 
detail reproduced on cotton fabric. 
For objective measurement, the values of the Kodak Gray Scale Q-14 and the 
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GretagMacbeth ColorChecker of all ten patterns were measured via a spectrophotometer, 
with the ultimate results based on the average of the ten values. An X-Rite 530 
spectrophotometer was used under the D50 illuminant with a 2° observer angle to measure 
density and LAB values of the Kodak Gray Scale Q-14 and the GretagMacbeth 
ColorChecker. 
The original density plot of the Gray Scale Q-14 is a linearly increasing ramp. It 
contains 20 patches starting at No. A(0) with 0.05D, increased by 0.1D for each patch, and 
ending at No.19 with 1.95D. Measuring and comparing the density values aids in 
understanding how well the tones are reproduced in the print. Print contrast, calculated by 
density values, is an important guide when determining print quality as it indicates how 
much shadow details the print carries. Generally, the shadow area carries important 
information in many images; hence, the more detail that is observed, the better image 
quality acquired. 
The LAB values measured from the GretagMacbeth ColorChecker can calculate 
Delta-E (∆E) color differences. All (24) patches are utilized to calculate Delta-E color 
differences. Delta-E quantifies the difference between different press sheets and proofs, or 
the original and reproduction. In this study, CIEDE2000 (symbol *00E∆ ) is used instead of 
the CIELAB ( *abE∆ ) since the CIELAB only has 75% agreement with visual observation, 
but CIEDE2000 has 95%. 
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Chapter 5 
The Results 
 
This study was designed to investigate the characteristics and results of utilizing 
JPEG, RAW (derived from digital camera) and TIFF (derived from scanning the film) 
format images printing on cotton fabric. Since each file format had different properties 
and the print substrate was textile fabric, the analysis of experiment results were focused 
on the image resolution, color difference, density and texture reproduction. For each 
textile pattern, because the density (D) values of the CMYK color bar along the edge had 
even density values within the tolerance, a total of 40 patterns were counted in and 
evaluated and measured values were based on the average of ten patterns of each image. 
In order to differentiate between four image files when describing in the following 
contents, each image was represented by a number and an abbreviated name. The 
abbreviated name was according to the image file source and format. Table 1 shows the 
representative names of the four image files. 
Figure 8 is the scene photographed as the test target uses in this experiment. It 
contains two standard test charts (Kodak Gray Scale Q-14 and GretagMacbeth 
ColorChecker), colored paper, rainbow cloth, doll, and crayon. 
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Table 1: The Representative Names of the Four Image Files 
Image Source Original File Format 
Original File 
Size 
Adjusted File 
Size 
Representative 
File Name 
Canon Digital 
Camera JPEG 
7.2x10.8 in. 
28.8 MB 
7.2x10 in. 
26.7 MB JPEG(1) 
Canon Digital 
Camera RAW 
7.2x10.8 in. 
57.7 MB 
7.2x10 in. 
53.4 MB RAW(2) 
Transparency 
Film (Kodak) TIFF 
4x5 in. 
7.42 MB 
3.76x4.7 in. 
6.55 MB 4x5 TIFF(3) 
Transparency 
Film (Kodak) TIFF 
8x10 in. 
29.7 MB 
7.52x9.4 in. 
26.2 MB 8x10 TIFF(4) 
 
 
Figure 8: The Scene Photographed as Test Target 
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Visual Evaluation 
 
The initial visual assessment was performed on the monitor via Adobe Photoshop 
to evaluate any discrepancy between the four images in image resolution, image quality 
and color appearance. The four images with 360 pixels/inch resolution were compared in 
actual print size (25.3%) and 300% enlargement on the monitor. 
 
Comparison Between the Four Images in Actual Print Size (25.3%) 
Although the four images had the same image resolution at 360 pixels/inch and 
tonal adjustment procedures, the four images still showed differences. In the 
GretagMacbeth ColorChecker, the tone and color adjustment was based on it, but the 
comparison showed that there was slight difference between the four images. The 
appearance of the JPEG(1) file was a bit dull and had low contrast. By comparison, the 
RAW(2) file had the most pleasing visual appearance. The 4x5 TIFF(3) file also had the 
dull appearance, but duller than the JPEG(1) file. The 8x10 TIFF(4) file had higher 
saturation than the 4x5 TIFF(3) file, but also had dullest color appearance of the four 
images. 
Similarly, in the colored paper and rainbow cloth, the RAW(2) file had the most 
pleasing color appearance, but higher brightness than other images in red, orange and 
yellow colors in the rainbow cloth. The JPEG(1) file had flat tone and a posterization 
problem. The two TIFF files had darker appearance than JPEG(1) and RAW(2) files. 
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Furthermore, both TIFF files almost had the same color appearance in these sections, but 
the 8x10 TIFF(4) file had an apparent wavy appearance in the rainbow cloth. It was caused 
by the structure of the textile fabric which had texture of horizontal, vertical and diagonal 
threads. 
In the doll and crayon, the JPEG(1) file showed serious posterization and unnatural 
skin tone in both crayon and doll. The RAW(2) file retained the most pleasing visual 
appearance. The 4x5 TIFF(3) file also had a bit posterization phenomenon in the skin tone, 
but satisfactory color appearance in the crayon. The 8x10 TIFF(4) file had great color 
appearance but higher saturation than the RAW(2) file. 
Theoretically, since four images had the same resolution and had been adjusted and 
matched the criteria of tone and color based on the neutral patches of ColorChecker, the 
appearance of each image should be very close to each other. However, there were 
conspicuous differences in image color, brightness and smoothness, especially in the 
portion of colorful properties. Overall, the JPEG(1) file had the dull appearance and 
posterization problem. The RAW(2) file had the most pleasing result of the images. Both 
images acquired from the scanning procedure resulted in a duller appearance than the 
images acquired from digital camera. The 4x5 TIFF(3) file also had dull appearance and 
posterization phenomenon while the 8x10 TIFF(4) file had higher saturation. 
 
Comparison Between the Four Images in 300% Enlargement 
While comparing image resolution under 300% enlargement, the observer could 
evaluate the image quality and color appearance more precisely. Figure 9 is the comparison 
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of part of the ColorChecker between four images. The JPEG(1) and RAW(2) did not show 
noticeable discrepancy between each other except that the JPEG(1) file had a bit duller 
appearance than the RAW(2) file. Both images, however, showed jagged color spots 
scattered in the images. In the 4x5 TIFF(3) file, the straight line showed high aliasing 
appearance. The 8x10 TIFF(4) image not only had high edge-contrast, but also very visible 
jagged color appearance. However, the color appearance of both TIFF images was very 
much alike. 
Figure 10 is the comparison of part of the doll between four images. Overall, the 
RAW(2) file had the most satisfactory resolution, color appearance and skin tone. The 
JPEG(1) file showed very serious posterization phenomenon and resulted in unnatural and 
pink color skin tone. Since the 4x5 TIFF(3) file was created by interpolating twice from the 
original size, even though the color appearance was satisfactory, the image was blurred 
with details lacking. The 8x10 TIFF(4) file was scanned directly in 8x10 inches target size 
instead of applying interpolation. Thus, the image file had better outlines than the 4x5 
TIFF(3) file. Otherwise, theoretically, since the image was scanned in demand size, the 
image quality had better resolution; however, the image showed scattered spots and 
discontinuous tone, looking mosaic-like. 
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Figure 9: The Comparison of the ColorChecker in 300% Enlargement Between Four 
Image Files 
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Figure 10: The Comparison of the Doll Face in 300% Enlargement Between Four Image 
Files 
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In the colored paper and rainbow cloth, the image appearance of four images was 
similar to the results in the ColorChecker and doll. The RAW(2) file had the most pleasing 
visual appearance than others. The only difference in color appearance between the 
JPEG(1) and RAW(2) files was that the JPEG(1) file had relatively faded color and flat 
tone. Two TIFF files had very similar resolution in these sections, but obviously had 
overall darker tone than the JPEG(1) and RAW(2) files. In 4x5 TIFF(3) file, the evaluation 
result showed blurred appearance and was unable to see image details. Conversely, the 
rainbow cloth showed a horizontal, vertical and diagonal structure of the fabric in 8x10 
TIFF(4), with a somewhat jagged appearance. 
When comparing image resolution in 300% enlargement, the difference in detail 
between four images showed more clearly. Except for the difference in brightness, both 
JPEG(1) and RAW(2) files showed nearly the same overall appearance. However, the 
JPEG(1) file had posterization problem in some areas while the RAW(2) file had the most 
pleasing resolution as shown in the actual print size. For two scanned images, the 
appearance was almost the same, but duller than the JPEG(1) and RAW(2) files. The 4x5 
TIFF(3) file had blurred appearance without details and also showed aliasing 
phenomenon. The 8x10 TIFF(4) file had clear-cut outline with more details. However, the 
image also showed high edge-contrast and scattered spots. Table 2 is a list for visual 
evaluation results based on the overall visual assessments on the monitor. 
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Table 2: Visual Evaluation Results 
Image File Visual Evaluation Results 
JPEG(1) 
• Posterization phenomenon 
• Unnatural skin tone 
• Jagged color spots 
• Duller color appearance than RAW(2) file 
• Lower contrast than RAW(2) file 
RAW(2) 
• Most pleasing visual appearance than others 
• Higher brightness in red, orange and yellow colors 
• Jagged color spots 
4x5 TIFF(4) 
• Slightly posterization phenomenon 
• High aliasing straight line 
• Blurred without image details 
• Jagged color spots 
• Duller color appearance than JPEG(1) and RAW(2) files 
• Similar overall appearance to the 8x10 TIFF(4) file 
8x10 TIFF(4) 
• Higher saturation than others 
• High edge-contrast 
• Wavy appearance in the rainbow cloth 
• Jagged color spots 
• Duller color appearance than JPEG(1) and RAW(2) files 
• Similar overall appearance to the 4x5 TIFF(3) file 
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Color Accuracy 
 
The four textile patterns were compared to evaluate the difference in image 
quality and color appearance. Moreover, the GretagMacbeth ColorChecker was used to 
measure the Delta-E (CIEDE2000, *00E∆ ) color difference to evaluate the color accuracy 
since it quantified the difference between the reference and textile patterns. The raw data 
of ColorChecker CIE Lab values for textile patterns are in Appendix B and these data are 
the reference values for comparing the Delta-E color difference. 
 
Comparison Between Four Textile Patterns 
Overall appearance, similar to the evaluation on the monitor, the RAW(2) file 
pattern was satisfactory and had the best color appearance. The JPEG(1) file pattern also 
had good color appearance in single evaluation. Nonetheless, when compared to the 
RAW(2) file pattern, it could detect that the JPEG(1) file pattern had less visual contrast 
than the RAW(2) file pattern. The 4x5 TIFF(3) and 8x10 TIFF(4) file patterns had nearly 
the same presentation no matter whether or not in image details or tone and color 
appearance. Without noticing, an observer might have difficulty in pointing out which 
image file was which. Compared to the JPEG(1) and RAW(2) file patterns, the appearance 
of 4x5 TIFF(3) and 8x10 TIFF(4) file patterns had darker tone and color. It resulted in the 
color patches having more saturated color appearance. 
In addition, the posterization phenomenon in the JPEG(1) file remained on the 
textile pattern. The skin tone of the doll showed brighter color than three other patterns. In 
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the 4x5 TIFF(3) file pattern, the affection of interpretation process did not result in 
discrepancy when compared with the 8x10 TIFF(4) file pattern. The high aliasing 
phenomenon showed on the monitor did not appear on the textile pattern. In the 8x10 
TIFF(4) file, the high edge-contrast and visible jagged color showed on the monitor were 
also invisible on the textile pattern. 
 
Delta-E (∆E) Color Difference of Four File Patterns 
In the routine process of the DuPont 2020 printer, the cotton fabric has to be 
processed in pre-treatment and post-treatment procedures. In pre-treatment, the cotton 
fabric passes through washing, bleaching, and starching. These processes ensure cleaning 
the dirt or stain and assisting the fiber having better capability to absorb the ink. After 
printing, drying and color fixing are applied, which steep the fabric in 220 degree 
Fahrenheit boiling water for ten minutes. According to the statement of the press, all these 
processes affect the color appearance slightly. Consequently, textile printing has its 
inherent limitation in color matching and color accuracy. 
Table 3 is the ∆E color difference values of four textile patterns. The CIE Lab 
values of textile pattern used to calculate ∆E values were based on the average of ten 
textile patterns for each image file, and compared to the CIE Lab values of the 
ColorChecker. 
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Table 3: The ColorChecker ∆E of Four Textile Patterns 
ColorChecker ∆E JPEG(1) RAW(2) 4x5 TIFF(3) 8x10 TIFF(4) 
No. Color Pattern Pattern Pattern Pattern 
1  Dark skin 5.9 5.2 2.7 2.8 
2  Light skin 7.6 5.9 7.4 7.5 
3  Blue sky 7.0 5.9 5.6 5.3 
4  Foliage 6.1 6.4 8.5 8.6 
5  Blue flower 4.2 5.0 10.0 9.7 
6  Bluish green 9.0 8.4 12.9 13.8 
7  Orange 6.7 8.3 11.1 11.4 
8  Purplish blue 7.3 8.3 7.3 8.1 
9  Moderate red 5.6 6.9 9.5 9.5 
10  Purple 5.5 3.3 6.4 5.9 
11  Yellow green 5.7 5.9 11.6 11.7 
12  Orange yellow 5.7 8.9 8.2 8.6 
13  Blue 10.4 10.2 10.6 10.6 
14  Green 8.6 5.1 11.8 11.5 
15  Red 4.0 6.6 6.3 6.2 
16  Yellow 6.9 6.3 7.9 9.0 
17  Magenta 5.1 5.9 6.5 6.3 
18  Cyan 9.0 7.2 7.9 8.0 
19  White 9.5 9.6 10.0 9.8 
20  Neutral 8 5.5 5.7 5.8 5.9 
21  Neutral 6.5 3.7 3.8 4.1 4.0 
22  Neutral 5 3.2 4.1 3.5 3.3 
23  Neutral 3.5 2.2 2.9 2.2 2.5 
24  Black 5.3 5.9 5.5 5.7 
Average 6.2 6.3 7.6 7.7 
 
In the JPEG(1) file pattern, the maximum value was 10.4 in the blue color while the 
minimum value was 2.2 in the neutral 3.5 gray. The RAW(2) file pattern also had blue color 
at the maximum value 10.2 and neutral 3.5 gray at the minimum value 2.9. The average ∆E 
values of JPEG(1) and RAW(2) file patterns did not have notable differences, including 
values of 6.2 and 6.3. The 4x5 TIFF(3) and 8x10 TIFF(4) file patterns had very close ∆E 
 43
values to each other, but obviously higher than the other two patterns. The maximum 
values were 12.9 and 13.8 in bluish green color and the minimum values at 2.2 and 2.5 in 
the same neutral 3.5 gray as two other patterns. The maximum ∆E values showed that the 
DuPont 2020 printer seemed to be having difficulty in printing in blue hue for all four 
image files. In addition, since the tone and color adjustment were based on the neutral 
patches from Patch No. 19 to 24 of the ColorChecker, the ∆E values should be as low as 
possible. However, the ∆E values of four textile patterns for Patch No. 19 White color 
had high values from 9.5 to 10.0. 
According to the real circumstances, tolerance value of less 2.0 ∆E is usually 
unachievable due to different process variations and within value of 4.0 ∆E is acceptable 
to many viewers. Generally, in color imaging, the ∆E value of 4.0 to 8.0 is deemed 
acceptable (Sharma, 2004). For JPEG(1) and RAW(2) file patterns, there were five and six 
values higher than 8.0, but for the 4x5 TIFF(3) file pattern, there were ten values higher 
than 8.0, and the 8x10 TIFF(4) file pattern had twelve, half of the color patches. These 
results concluded that the images acquired from digital camera had lower ∆E values and 
might have better capability to achieve color accuracy. 
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Measurement of Gray Scale Q-14 
 
When comparing the Gray Scale Q-14 of the four images on the monitor, no 
matter which image was used, 20 gray patches from Patch No. A(0) to No. 19 were 
recognizable and could be detected at the boundary between each other. However, when 
printing on the cotton fabric, although the print result displayed similarly between four 
textile patterns, the observer could only point out the gray ramp starting at Patch No. A(0) 
with 0.05D to No. 15 with 1.55D. In the shadow tone area from Patch No. 15 to No. 19 
(1.95D), the densities exceeded the cotton fabric can carry; hence, the gray tone patches 
became a solid after No. 15. 
 
Printable Density Range 
Utilizing Gray Scale Q-14 to compare the density values aided in understanding 
how well the tones were reproduced and the printable density range in the print. Table 4 is 
the Q-14 standard and average density K values of the textile patterns for each image file. 
The average values were based on the average of the ten textile patterns for each image 
file. Refer to Appendix C for density K raw data of ten textile patterns for each image file. 
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Table 4: The Q-14 Standard and Average Density K Values of the Patterns  
for Each Image File 
Pattern Standard JPEG(1) RAW(2) 4x5 TIFF(3) 8x10 TIFF(4) 
Q-14 (D) Dk Dk Dk Dk Dk 
0 0.05 0.21 0.22 0.22 0.22 
1 0.15 0.25 0.25 0.24 0.25 
2 0.25 0.34 0.33 0.33 0.36 
3 0.35 0.41 0.41 0.43 0.44 
4 0.45 0.47 0.48 0.49 0.49 
5 0.55 0.55 0.55 0.57 0.57 
6 0.65 0.64 0.62 0.63 0.64 
7 0.75 0.72 0.71 0.73 0.73 
8 0.85 0.85 0.83 0.84 0.84 
9 0.95 0.93 0.91 0.93 0.92 
10 1.05 1.05 1.02 1.05 1.04 
11 1.15 1.26 1.17 1.17 1.17 
12 1.25 1.32 1.28 1.24 1.24 
13 1.35 1.36 1.32 1.29 1.28 
14 1.45 1.38 1.34 1.36 1.34 
15 1.55 1.40 1.38 1.37 1.37 
16 1.65 1.41 1.39 1.38 1.37 
17 1.75 1.41 1.39 1.38 1.38 
18 1.85 1.40 1.39 1.38 1.38 
19 1.95 1.41 1.39 1.38 1.38 
 
Figure 11 is the comparison of the Q-14 density K values between the standard and 
four textile patterns. The original density value of the Q-14 is a linearly increasing ramp, 
but in practice, the substrate and ink restricted the density to the limitation when printing 
on the cotton fabric. 
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Figure 11: The Comparison of the Q-14 Density K Values Between the Standard, JPEG(1), 
RAW(2), 4x5 TIFF(3) and 8x10 TIFF(4) File Patterns 
 
The trend of density curves of the four textile patterns were very similar except the 
JPEG(1) file pattern which had abrupt rise at patch No. 11, and had a bit higher density 
values than the other three patterns after Patch No. 11. The substrate of the cotton fabric 
had the density value at 0.21 and 0.22. Hence, in textile patterns the density of Patch No. 
A(0) started at 0.21 or 0.22 instead of the standard value 0.05. Although the starting point 
was higher than the standard, the curves kept rising linearly until Patch No. 5 (0.55D). The 
highlight tones in this range were compressed from the standard 0.50D to the 0.23D to 
0.25D within six steps. From Patch No. 5 to No. 12, the midtone curves rose linearly, but 
the JPEG(1) file curve had sudden rise at Patch No. 11. In Patch No. 13, the JPEG(1) file 
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had 1.36D which was closing to the standard 1.35D, but the other three patterns could not 
reach the standard value any more. After Patch No. 16, the shadow tones area, the density 
value reached the limitation of the textile pattern, it resulted the vibrational density values 
in the following patches. In addition, for all four textile patterns, the printable density 
range was limited to only 1.16 to 1.20. 
 
Print Contrast 
Print contrast is an important guide when determining print quality as it indicates 
how much shadow details the print carries. In the four textile patterns, the maximum 
density appeared in Patch No. 16, as a result the density value of Patch No. 16 was used as 
the solid density. The density value of Patch No. 12 was used as the 75% tint density. Table 
5 is the print contrast results for each textile pattern. Equation 1 shown below is the print 
contrast equation. Ds indicates the density of solid and Dt means the density of tint. 
Table 5: Print Contrast Values of Four Textile Patterns 
Textile Pattern JPEG(1) RAW(2) 4x5 TIFF(3) 8x10 TIFF(4) 
Density of 
Solid (No. 16) 1.41 1.39 1.38 1.37 
Density of 
Tint (No. 12) 1.32 1.28 1.24 1.24 
Print Contrast 6.4% 7.9% 10.1% 9.5% 
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Equation 1: Print Contrast % = 100×−
Ds
DtDs
 
Ds: Density of solid 
Dt: Density of tint 
The results of the print contrast indicated that none of the four file patterns had 
satisfactory values. The JPEG(1) file had the minimum value at 6.4% while the RAW(1) 
file had the better value at 7.9%. The 4x5 TIFF(3) file had the maximum value at 10.1% 
and the 8x10 TIFF(4) had slightly lower value at 9.5%. Compared to the typical values of 
other printing conditions, the sheet-fed offset had the value at 43%, the web-offset 
(magazine) had 38%, and the non-heatset web (newspaper) had 16%, the four textile 
patterns had relatively low print contrast values. Therefore, using this cotton fabric to print 
the image might have difficulty in performing delicate details in shadow area. 
From the measured results of the Gray Scale Q-14, the density curves indicated 
that the tone reproduction capability of the cotton fabric had deficiency in reproducing 
highlight and shadow tones. Furthermore, either printable density range or print contrast 
was low. 
 
Texture Reproduction Capability 
 
The surface structure of textile is relatively rough for the paper substrate and has its 
inherent limitation in reproducing image details and small objects as printed on the paper 
or shown on the monitor. Although the cotton fabric used in this experience is classified as 
a very fine fabric, it retains the textile properties. Hence, no matter which one of the four 
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images used (whether from digital camera or film process), the details and small pieces in 
the image were not reproduced and clearly showed on the cotton fabric. 
In textile patterns, the characters on the crayon and facial features, tiny lines and 
decorations of the doll were not clear-cut or invisible on the cotton fabric. Otherwise, the 
English characters on the ColorChecker, digits on the Kodak Gray Scale Q-14 were also 
unclear and might be difficult to recognize. When comparing these small objects on the 
monitor, entire image details could be detected certainly. However, on the cotton fabric, 
these small objects became invisible and the observer could only detect the rough 
outlines. The cotton fabric used in this experience was classified to have fine surface, but 
the print result indicated this fabric had difficulty in reproducing the small details of the 
image. 
The print results of textile fabric in reproducing small elements, objects or details 
did not show difference between the four textile patterns. The image files acquired from 
either digital camera (JPEG and RAW files) or scanning the film (TIFF file) did not 
impact the image resolution and detail in the textile pattern. All these details and objects 
were invisible or unclear on the cotton fabric. Hence, when photographing the images or 
designing patterns for textile printing use, the operators should caution about the problem 
in reproducing image details and small objects as all these objects might not be faithfully 
reproduced on the textile fabric. Moreover, it is necessary to exactly define the minimum 
requirement and the limitation in the ratio of image resolution to small object size. To 
achieve high-quality print or vivid reproduction, the performance in the image details and 
small objects would be a critical success factor. 
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Chapter 6 
Conclusions 
 
Digital textile printing technology allows the user to print the image file directly on 
textile fabric. Since different file formats and image properties affect the print result, the 
question, “Does the use of RAW, JPEG and TIFF file formats printed on cotton fabric result 
in any discrepancy in image resolution, Delta-E (∆E) color difference, printable density 
range, print contrast, and texture reproduction” was investigated in this study. 
The JPEG, RAW, and TIFF format files appeared to have a discrepancy in the 
original image file, and also had difference in color accuracy when reproducing on cotton 
fabric, but showed similar result in texture reproduction. The RAW file format had the 
most pleasing visual appearance no matter if in the original image file or textile pattern and 
also had the lower ∆E color difference values between the reference and textile pattern. 
The RAW format contains the uncompressed and minimally processed data the 
camera’s sensor captured in a form prior to processing as a color image which guarantees 
the image without manipulating it in any way. This file format usually has 42 bits color 
depth (14 bits per channel) which contains more image data and information than JPEG 
and TIFF format files with 24 bits color depth (8 bits per channel). In addition, except for 
the camera sensitivity (ISO), aperture and shutter speed, the user can adjust any 
parameter after exposure in the graphic software. This property provides the most robust 
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editing capability. 
The JPEG file format is a lossy compressed file format and only has 24 bits color 
depth (8 bits per channel). When this format file is saved, it loses the image data and 
information which can not be restored. The high compression level (small image size) 
causes the image with jagged edges and discontinuous tone. Because the human eyes are 
more sensitive to the slight difference in the brightness, the JPEG file format takes 
advantage of this property in compressing. The compression process maintains the image 
brightness, but changes the hue and saturation that might affect the color accuracy and 
degrade the image quality. 
In the experiment, the original JPEG format file showed lower image quality than 
the RAW format file. Moreover, it showed tone jumping and posterization problem. 
However, when printing on the textile fabric, except for the posterization phenomenon in 
the skin tone, it had very similar print results to the RAW file format. According to the 
experience of the textile press technicians, they state that the skin tone is one of the most 
difficult print colors in textile printing. If it is possible, they avoid printing skin tone color 
of large superficies, and also do not accept image files with the face of the person. Hence, 
when photographing with the JPEG file format, users are cautioned about this issue when 
printing on textile fabric. 
The TIFF file format is a lossless compression format and can be used with either 
24 bits (8 bits per channel) or 48 bits (16 bits per channel) color depth, but usually used 
with 24 bits color depth. Unlike JPEG file format, the TIFF file format may be resaved 
and manipulated multiple times without losing image resolution and quality. The 
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experiment result showed the two TIFF format files derived from scanning the 
transparency film had higher Delta-E color difference values (greater than 8.0) and worse 
color appearance than JPEG and RAW format files. In image processing workflow, the 
only difference between images acquired from digital camera and scanning the 
transparency film was that the film had to go through the chemical process and the 
scanning procedure before acquiring the same image as digital camera did. These 
procedures might add extra variables in the workflow that affected image quality or color 
reproduction in the end. Therefore, the result of the image was not having good quality as 
photographed from the digital camera. 
The general principles indicate users should avoid any image interpolation when 
dealing with the image file. The image interpolation performs image resampling and color 
reproduction procedures that magnify the image size based on the pixel values at 
surrounding pixels. However, this procedure can not add detail to the original image since 
the detail is not present, and easily decreases the image quality. 
For two TIFF format files, the experiment result did not show obvious difference 
either in color accuracy or texture reproduction between the file scanned in the original 
size (4x5 inch, applied interpolation procedure) and demand target size (8x10 inch). 
Instead, the image file using interpolation had a bit lower Delta-E color difference values 
than the file scanned in demand target size. Though the interpolation lowered the original 
image quality in the blurred appearance, it was unnoticeable when printing on cotton 
fabric. 
Hence, photographing in the RAW file format and then converting to the TIFF file 
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format ensures the image having robust editing capability and precise print result in color 
accuracy. The JPEG file format is an alternative format, but users must caution the 
posterization phenomenon and discontinuous tone problem. For transparency film, either 
scanning in original or demand target size results in similar performance. If users need to 
scan the film, except for scanning the object in desired target size, interpolating twice from 
the original size is also an acceptable approach. It provides a more flexible approach in 
image acquisition. However, to achieve color accuracy, users should consider utilizing 
digital camera and avoid using film in the workflow. 
Except for the problems from different image file formats, there are some issues 
related to the textile fabric that should be noticed. The substrate of the cotton fabric had 
the density value at 0.21 and narrow printable density range from 1.16 to 1.20. In the 
experiment, the tone and color adjustment of four images were based on the neutral 
patches from Patch No. 19 to No. 24 of the Color Checker. Theoretically the ∆E values 
should be low in these patches when compared to the textile patterns with the reference. 
However, the ∆E values of four textile patterns for Patch No. 19 White color had high 
values from 9.5 to 10.0, this problem might be caused by the textile fabric having high 
substrate density value. For this reason, the white or light color might have problem to be 
reproduced accurately when printing on this cotton fabric. 
In addition, when using this cotton fabric to print high-contrast images, it might 
easily cause the problem since the fabric has narrow printable density range. In highlight 
tone areas, light colors might be compressed into a narrow range since the fabric has 
higher substrate density value. In shadow tone areas, the image details might not 
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faithfully reproduce on the cotton fabric since the fabric lacks the capability to carry too 
much ink. Hence, to achieve high quality print, it would be best to examine and master 
the properties of the textile fabric in advance. 
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Recommendations for Further Investigation 
 
• Following color management procedures guarantees more predictable print results. 
Since the printing materials are fabrics, can soft proofing and hard copy proofing using 
paper substrates predict the print results and match the color precisely? (The initial 
investigation result is in Appendix A). 
• The traditional textile screen printer often states that too many variables in 
pre-treatment and post-treatment procedures affect the color appearance. Since each 
step affects the color appearance slightly, it is impossible to apply the Color 
Management System to traditional textile screen printing. Moreover, the standard 
densities in screen printing are hard to achieve. However, how these procedures affect 
the color appearance, print quality, and print result does not seem to have an explicitly 
practical investigation. 
• When storing the JPEG format file, users can vary the compression level to suit their 
needs. However, how do different levels affect the print result? What is the limitation 
or minimum of compression ratio resulting in an acceptable print result? 
• The print substrate used in this experiment is a specific cotton fabric accompanied 
with reactive dye ink. How different substrates and ink combinations such as nylon 
with acid dye ink and polyester with disperse dye ink work or can have similar results 
need other investigations. 
• Compared to the paper substrate, the cotton fabric has relatively rough surface. Hence, 
the small characters, digits, thin lines or tiny objects have difficulty to print clearly in 
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textile fabric. The minimum requirement and the limitation in the ratio of image 
resolution to small object size need definition. 
• Textile printing has its inherent limitation in color reproduction and color match. The 
limitation results in higher Delta-E (∆E) color difference between the textile pattern 
and reference. Moreover, in practice, according to the experience of textile screen 
printing press, the tolerance of color difference values used in textile substrate is 
higher than paper substrate. Hence, the evaluation standards used in paper substrate 
whether or not fitting to textile printing is problematic. 
• Compared to the flat surface of the paper substrate, the cotton fabric had surface 
texture (construction background) and rough surface. When using paper to simulate 
the print result of the textile pattern, the paper does not simulate the texture of the 
fabric. How to use paper substrate to simulate this effect is challengeable. 
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Appendix A 
 
Visual Assessment of Textile Pattern with Soft Proofing and Hard Copy Proofing 
 
The purpose of this procedure was to have an initial visual evaluation for soft 
proofing and hard copy proofing print results and achieving the visual matching. The 
textile and paper substrates have very diverse properties. If use of paper substrate predicts 
textile print results on a textile printer, then it is a great benefit in printing proof workflow. 
In this experience, two types of photo papers were used (Ultra Premium Presentation Paper 
Matte and Ultra Premium Photo Paper Luster) since these photo papers guaranteed to have 
better color appearance and wider gamut than others. 
In general, the luster paper had better visual impression than matte paper. 
Compared to the cotton fabric, which had some degrees of reflection, the luster paper had 
higher brightness than matte paper and better visual sensation in color match. The textile 
patterns and their proofs, either both photo papers or soft proof, resulted in acceptable 
visual impression and color match. However, even though the textile pattern and hard copy 
proofs of each image file had satisfactory matching result, the soft proof displayed on the 
monitor still had visible discrepancy in brightness when comparing with the pattern. This 
phenomenon illustrated the limitation of soft proofing in that the print was reflective and 
the monitor had glowing phosphors. 
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The Maximum Density Value 
 
Table A1 lists the maximum density values for the patterns and two photo papers. 
Apparently, the matte paper only had the maximum density value at 1.29, which was not as 
high as the patterns. Compared to the textile patterns which had values from 1.37 to 1.41, 
using matte paper might have difficulty reaching the desired value when using in 
simulation. The luster paper had the maximum value at 1.48 which was greater than the 
pattern can carry. Therefore, when using luster paper in simulation, it certainly could reach 
the requirement. 
Table A1: The Maximum Density Values for the Textile Patter, Matte and Luster Papers 
Q-14 Maximum Density Value 
Image File Pattern Matte Luster 
JPEG(1) 1.41 1.29 1.46 
RAW(2) 1.39 1.28 1.45 
4x5 TIFF(3) 1.38 1.29 1.48 
8x10 TIFF(4) 1.37 1.29 1.46 
 
The Comparison of Delta-E (∆E) Color Difference Between Pattern and Proofs 
 
Table A2 and Table A3 list the complete ∆E color difference values between textile 
patterns, matte, and luster papers. The raw data of ColorChecker Lab values for textile 
patterns, matte and luster papers are in Appendix B. 
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Table A2: The Comparison of ∆E Color Difference Between Pattern, Matte and Luster 
Papers for JPEG(1) and RAW(2) Files 
ColorChecker JPEG(1) RAW(2) 
No. Color Pattern Matte Luster Pattern Matte Luster 
1  Dark skin 5.9 10.1 8.3 5.2 5.6 4.8 
2  Light skin 7.6 10.2 10.4 5.9 9.3 9.9 
3  Blue sky 7.0 6.9 7.9 5.9 7.2 8.4 
4  Foliage 6.1 7.3 9.4 6.4 6.6 8.5 
5  Blue flower 4.2 4.2 4.4 5.0 3.6 4.2 
6  Bluish green 9.0 6.4 6.1 8.4 9.6 9.1 
7  Orange 6.7 7.3 9.3 8.3 8.7 9.7 
8  Purplish blue 7.3 4.8 4.6 8.3 5.2 4.7 
9  Moderate red 5.6 9.3 9.6 6.9 6.3 6.6 
10  Purple 5.5 6.0 6.5 3.3 4.1 3.8 
11  Yellow green 5.7 7.8 8.1 5.9 8.6 9.3 
12  Orange yellow 5.7 11.0 13.6 8.9 9.2 9.3 
13  Blue 10.4 10.9 9.2 10.2 12.4 10.8 
14  Green 8.6 8.6 8.7 5.1 8.7 9.4 
15  Red 4.0 7.2 7.9 6.6 4.5 5.3 
16  Yellow 6.9 8.1 9.1 6.3 6.7 7.3 
17  Magenta 5.1 4.4 4.8 5.9 3.1 3.5 
18  Cyan 9.0 3.4 3.7 7.2 4.8 5.7 
19  White 9.5 7.2 7.1 9.6 7.4 7.0 
20  Neutral 8 5.5 6.4 6.2 5.7 6.4 6.2 
21  Neutral 6.5 3.7 5.4 5.3 3.8 5.6 5.6 
22  Neutral 5 3.2 4.9 5.1 4.1 5.1 5.2 
23  Neutral 3.5 2.2 2.2 4.3 2.9 2.1 4.2 
24  Black 5.3 5.3 1.9 5.9 5.5 2.2 
Average 6.2 6.9 7.1 6.3 6.5 6.7 
 
 67
Table A3: The Comparison of ∆E Color Difference Between Pattern, Matte and Luster 
Papers for 4x5 TIFF(3) and 8x10 TIFF(4) Files 
ColorChecker 4x5 TIFF(3) 8x10 TIFF(4) 
No. Color Pattern Matte Luster Pattern Matte Luster 
1  Dark skin 2.7 8.4 9.5 2.8 8.5 9.6 
2  Light skin 7.4 11.5 11.4 7.5 11.4 11.3 
3  Blue sky 5.6 7.3 8.3 5.3 7.2 8.2 
4  Foliage 8.5 12.2 14.3 8.6 12.0 14.1 
5  Blue flower 10.0 8.1 9.2 9.7 7.5 8.5 
6  Bluish green 12.9 14.0 14.0 13.8 15.2 15.1 
7  Orange 11.1 14.2 14.9 11.4 14.6 14.9 
8  Purplish blue 7.3 4.9 5.9 8.1 4.8 5.9 
9  Moderate red 9.5 13.8 14.2 9.5 13.4 13.9 
10  Purple 6.4 5.8 5.6 5.9 5.8 5.5 
11  Yellow green 11.6 14.7 15.8 11.7 15.1 16.5 
12  Orange yellow 8.2 9.5 10.8 8.6 10.1 11.1 
13  Blue 10.6 10.0 8.7 10.6 9.9 8.6 
14  Green 11.8 14.1 14.5 11.5 13.7 14.0 
15  Red 6.3 8.9 11.0 6.2 8.7 10.2 
16  Yellow 7.9 8.8 10.0 9.0 10.9 12.3 
17  Magenta 6.5 7.3 8.0 6.3 7.2 7.7 
18  Cyan 7.9 9.5 11.1 8.0 9.3 10.7 
19  White 10.0 7.5 7.0 9.8 7.2 7.4 
20  Neutral 8 5.8 6.0 6.0 5.9 6.7 6.5 
21  Neutral 6.5 4.1 6.1 6.1 4.0 6.2 6.2 
22  Neutral 5 3.5 4.7 4.8 3.3 5.2 5.1 
23  Neutral 3.5 2.2 2.0 4.5 2.5 1.7 4.4 
24  Black 5.5 5.0 2.2 5.7 5.3 2.1 
Average 7.6 8.9 9.5 7.7 9.1 9.6 
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Table A4: The Maximum, Minimum and Average ∆E Values of Pattern,  
Matte and Luster Papers 
∆E Pattern Matte Luster 
Image File JPEG(1) 
Max. 10.4 11.0 13.6 
Min. 2.2 2.2 1.9 
Average 6.2 6.9 7.1 
Image File RAW(2) 
Max. 10.2 12.4 10.8 
Min. 2.9 2.1 2.2 
Average 6.3 6.5 6.7 
Image File 4x5 TIFF(3) 
Max. 12.9 14.7 15.8 
Min. 2.2 2.0 2.2 
Average 7.6 8.9 9.5 
Image File 8x10 TIFF(4) 
Max. 13.8 15.2 16.5 
Min. 2.5 1.7 2.1 
Average 7.7 9.1 9.6 
 
According to the results listed in Table A4, the RAW(2) file pattern and its proofs 
had the minimum difference. Compared with the pattern, the matte and luster papers only 
had average value of 0.2 and 0.4 color difference to the pattern. The JPEG(1) file pattern 
and proofs also had difference less than 1.0 with the value at 0.7 and 0.9. The JPEG(1) file 
was compressed when file saving which caused losing image data and information. 
However, when comparing the value with the RAW(2) file, it did not result in obvious 
difference. The RAW(2) file having the minimum values was not unexpected. This file had 
the most image data and information and suffered the least processing workflow; hence, 
the RAW(2) file had the minimum values of color matching between the pattern and 
proofs. 
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The overall average ∆E values of 4x5 TIFF(3) and 8x10 TIFF(4) files were greater 
than two other files. In the 8x10 TIFF(4) file, no matter the maximum or average value, the 
pattern and proofs had the utmost color difference. The matte and luster papers had 15.2 
and 16.5 maximum ∆E values and 1.4 and 1.9 difference between the pattern and the two 
papers. Although the 8x10 TIFF(4) was scanned directly in target size, theoretically having 
better color appearance, the result did not perform at a lower value than the 4x5 TIFF(3) 
file. The 4x5 TIFF(3) file had the average ∆E value difference in 1.3 and 1.9 between the 
pattern and two proofs. The 4x5 TIFF(3) file was used interpretation twice to attain to the 
target size. However, the result contrarily had a bit better values than the 8x10 TIFF(4) file. 
The experiment results indicated that no matter which photo paper was used, it had 
the average value of Delta-E color difference less than 2.0 between the textile patterns and 
proofs. However, the matte paper (uncoated paper) seemed to have a lower maximum 
density value that might not reach the requirement. The luster paper (coated paper) not only 
had better visual sensation, but also sufficient maximum density that could reach the 
maximum density value of the pattern. Hence, for proofing and simulating the textile 
pattern, the luster paper (coated paper) is recommended. 
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Appendix B 
 
Table B1: The Raw Data of JPEG(1) File ColorChecker Lab Values for Textile Pattern, 
Matte and Luster Papers 
JPEG(1) Pattern Matte Luster 
ColorChecker L* a* b* L* a* b* L* a* b* 
1 40.46 7.26 9.97 37.86 4.1 3.72 34.78 7.59 3.97 
2 63.61 8.43 14.65 60.13 9.97 5.06 59.96 11.03 4.53 
3 49.32 0.10 -14.42 44.41 -0.81 -19.56 44.02 -0.06 -18.36 
4 42.70 -5.65 15.99 39.13 -6.18 13.54 37.02 -4.55 13.23 
5 53.67 7.48 -18.49 50.89 8.87 -26.37 50.67 9.55 -24.86 
6 70.75 -17.63 5.55 66 -24.16 -4.24 65.96 -23.82 -2.92 
7 62.57 21.58 40.67 58.83 27.5 37.42 57.93 29.12 33.85 
8 40.47 5.94 -26.70 43.6 0.87 -29.47 42.17 2.49 -28.64 
9 50.60 32.50 12.86 46.81 33.66 2.84 45.68 35.15 2.89 
10 26.04 15.09 -17.46 28.25 13.55 -14.26 26.61 12.95 -16.7 
11 71.51 -15.20 40.68 66.13 -18.39 38.44 66.44 -16.49 36.83 
12 70.39 18.28 49.58 66.59 24.62 44.92 65.02 26.01 41.09 
13 35.11 8.60 -27.31 40.57 -0.29 -26.09 37.96 1.39 -26.24 
14 58.47 -19.28 24.78 51.54 -23.21 16.38 51.68 -22.76 16.42 
15 41.20 41.18 22.71 41.46 38.44 14.04 40.58 38.84 12.59 
16 76.08 4.87 57.45 77.63 10.01 56.62 76.8 9.74 53.1 
17 52.39 35.56 -9.54 50.16 38.11 -14.07 49.37 37.75 -12.26 
18 57.19 -16.73 -17.01 51.86 -24.15 -21.46 49.35 -23.39 -21.9 
19 82.51 -1.41 5.09 89.03 0.86 -4.52 87.72 0.27 -3.57 
20 75.51 -1.18 3.65 74.2 0.17 -4.57 73.66 0.46 -3.15 
21 65.01 0.36 2.64 61.7 -0.02 -4.09 61.26 0.15 -2.92 
22 52.74 0.61 2.25 46.38 -0.23 -2.32 46.22 0.55 -2.43 
23 37.38 0.49 -0.32 33.02 -0.22 -1.02 30.35 0.11 -0.87 
24 24.04 -1.48 -5.93 27.6 0.85 -0.79 21.78 0.94 -1.69 
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Table B2: The Raw Data of RAW(2) File ColorChecker Lab Values for Textile Pattern, 
Matte and Luster Papers 
RAW(2) Pattern Matte Luster 
ColorChecker L* a* b* L* a* b* L* a* b* 
1 42.37 9.75 14.25 37.53 7.51 8.51 35.02 10.54 8.13 
2 64.55 10.20 15.25 60.41 13.11 5.55 60.37 14.08 4.64 
3 49.22 0.12 -17.84 44.07 -0.22 -22.55 43.21 0.45 -21.32 
4 44.56 -5.17 18.52 39.66 -6.29 15.17 37.88 -4.61 15.3 
5 54.32 8.30 -17.55 51.43 9.9 -25.84 51.48 10.7 -23.93 
6 68.49 -16.85 0.15 62.45 -21.75 -5.55 62.62 -21.45 -4.06 
7 61.34 18.48 43.05 55.11 24.4 41.66 54.2 26.42 38.69 
8 39.47 6.71 -26.05 44.18 0.41 -29.61 42.94 1.29 -28.42 
9 53.29 32.05 16.78 48.69 34.96 7.65 47.79 36.04 7.5 
10 30.95 22.61 -15.98 30.32 17.96 -14.48 28.42 18.21 -15.59 
11 70.76 -14.12 41.56 64.66 -15.32 39.08 64.99 -13.06 36.97 
12 71.54 4.63 53.40 65.46 7.54 47.97 64.99 9.22 44.66 
13 34.53 8.19 -26.91 42.73 0.09 -29.61 40.81 1.45 -29.19 
14 55.64 -25.81 24.38 50.08 -30.65 15.49 49.16 -29.5 15.37 
15 45.90 41.45 30.55 41.92 43.68 18.87 41.84 43.52 17.18 
16 77.81 -1.24 60.08 75.08 1.27 60.57 74.83 1.93 57.76 
17 54.14 36.09 -6.89 51.29 41.12 -11.58 50.95 40.51 -10.41 
18 53.75 -14.85 -24.79 50.93 -18.67 -28.03 48.84 -17.89 -28.26 
19 82.32 -1.41 5.04 88.84 0.87 -4.68 87.66 0.12 -3.4 
20 75.41 -0.93 3.98 73.98 0.01 -4.45 73.72 0.41 -3.39 
21 65.04 -0.30 3.20 61.29 -0.17 -3.97 60.86 0.11 -3.08 
22 53.58 1.35 2.11 46.24 -0.23 -2.55 46.16 0.49 -2.41 
23 38.49 0.33 0.04 33.1 -0.21 -1.03 30.53 0.09 -0.85 
24 24.81 -1.76 -6.23 27.68 1.05 -0.73 21.65 1.31 -1.55 
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Table B3: The Raw Data of 4x5 TIFF(3) File ColorChecker Lab Values for Textile Pattern, 
Matte and Luster Papers 
4x5 TIFF(3) Pattern Matte Luster 
ColorChecker L* a* b* L* a* b* L* a* b* 
1 38.71 12.41 10.14 35.06 9.65 2.97 32.4 12.32 2.57 
2 60.48 10.22 16.11 55.07 12.09 7.62 55.43 13.63 6.94 
3 48.68 -3.11 -12.26 43.04 -3.51 -16.67 42.24 -2.78 -15.79 
4 43.19 -3.41 13.96 38.12 -1.9 9.16 35.65 -0.55 9.63 
5 53.92 7.98 -10.01 49.26 4.15 -14.89 49.23 4.84 -12.88 
6 66.63 -11.19 2.83 60.47 -13.27 -3.79 60.74 -12.93 -3.88 
7 57.10 15.34 38.34 50.98 17.08 34.43 49.77 19.69 32.17 
8 38.77 5.87 -26.69 39.48 3.03 -27.56 36.75 4.25 -28.44 
9 43.59 31.73 11.79 40.53 28.85 3.14 39.69 30.64 2.52 
10 31.65 25.80 -12.05 31.49 20.19 -11.46 29.3 21.13 -11.82 
11 67.20 -5.22 36.59 62.04 -3.47 35.78 62.19 -1.77 33.55 
12 66.78 10.49 44.50 63.38 14.99 44.95 62.68 16.6 42.26 
13 34.00 9.24 -26.94 37.27 0.34 -20.82 34.59 1.27 -21.78 
14 51.78 -13.44 21.81 46.77 -14.67 15.3 46.42 -13.86 15.92 
15 37.96 47.33 17.29 38.78 37.75 11.72 35.85 42.18 9.04 
16 75.77 5.68 54.15 75.54 9.62 55.66 74.86 9.71 51.87 
17 49.71 33.40 -8.03 46.51 35.77 -13.21 45.36 36.4 -11.3 
18 48.16 -14.78 -18.16 44.63 -16.05 -17.28 42.05 -15.79 -18.36 
19 81.93 -1.53 5.47 88.57 0.85 -4.62 87.66 0.06 -3.35 
20 76.02 -1.47 4.51 74.8 0.1 -4.5 74.22 0.44 -3.56 
21 64.56 0.65 2.75 60.59 -0.09 -3.98 60.28 0.22 -3.16 
22 53.00 0.44 2.48 46.56 -0.23 -2.41 46.55 0.46 -2.46 
23 37.66 0.51 -1.20 33.3 -0.19 -1.59 30.11 0.18 -1.12 
24 24.69 -1.55 -5.93 27.04 0.83 -0.42 21.44 1.33 -1.19 
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Table B4: The Raw Data of 8x10 TIFF(4) File ColorChecker Lab Values for Textile Pattern, 
Matte and Luster Papers 
8x10 TIFF(4) Pattern Matte Luster 
ColorChecker L* a* b* L* a* b* L* a* b* 
1 38.68 12.91 10.09 34.92 10 2.86 32 12.53 2.64 
2 60.82 9.86 16.09 55.33 11.87 7.62 55.56 12.96 7 
3 48.52 -2.99 -12.97 43.13 -3.35 -17.15 42.36 -2.38 -16.45 
4 43.29 -3.46 13.36 38.11 -2.17 8.95 35.45 -0.78 9.57 
5 53.57 8.23 -10.68 49.61 4.6 -15.72 49.68 5.3 -13.63 
6 65.99 -9.98 1.68 60.03 -11.68 -4.26 60.34 -11.44 -3.63 
7 57.71 14.35 38.21 50.95 16.07 34.07 49.98 18.77 32.29 
8 39.02 6.80 -26.44 39.31 3.18 -27.91 37.07 4.65 -28.62 
9 43.46 32.19 11.37 40.77 29.81 3.17 39.91 31.47 2.61 
10 31.08 24.87 -12.30 30.95 19.52 -11.3 28.76 20.22 -12.02 
11 67.09 -4.96 36.59 61.52 -3.23 35.06 61.56 -1.33 32.43 
12 66.71 9.05 44.41 62.73 13.17 43.63 62.21 14.7 41 
13 34.07 9.21 -26.88 37.11 0.38 -21 34.6 1.34 -22.03 
14 52.40 -13.74 21.78 47.15 -14.95 15.66 46.96 -14.14 16.12 
15 38.65 47.14 16.75 38.99 37.63 11.94 36.23 41.72 10.26 
16 74.68 7.81 53.58 73.52 12.09 54.26 72.66 12.27 50.14 
17 49.97 33.66 -8.47 46.51 36 -13.09 45.63 36.66 -11.45 
18 48.79 -14.04 -18.32 44.75 -16.04 -17.92 42.55 -15.56 -19.14 
19 82.30 -1.52 5.30 88.08 0.57 -3.97 87.01 0.02 -3.41 
20 75.15 -0.74 3.97 73.81 -0.07 -4.78 73.36 0.26 -3.48 
21 64.23 0.77 2.27 60.34 -0.28 -3.86 60.13 0.15 -3.19 
22 52.63 0.20 2.65 46.02 -0.31 -2.42 46.13 0.38 -2.22 
23 37.94 0.67 -1.45 33.64 -0.4 -1.65 30.27 -0.01 -1.4 
24 25.00 -1.57 -5.89 27.51 0.75 -0.27 21.62 1.25 -1.23 
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Appendix C 
 
Table C1: The Density K Raw Data of Ten JPEG(1) File Patterns 
JPEG(1) Pattern No. 
Q-14 (Dk) 1 2 3 4 5 6 7 8 9 10 
0 0.21 0.21 0.20 0.21 0.22 0.22 0.21 0.21 0.22 0.21 
1 0.24 0.24 0.25 0.25 0.25 0.26 0.24 0.25 0.25 0.25 
2 0.34 0.35 0.35 0.33 0.35 0.34 0.34 0.34 0.34 0.34 
3 0.42 0.41 0.41 0.40 0.43 0.42 0.42 0.41 0.41 0.41 
4 0.48 0.48 0.48 0.48 0.48 0.47 0.46 0.47 0.46 0.47 
5 0.55 0.55 0.56 0.54 0.56 0.55 0.56 0.55 0.54 0.56 
6 0.64 0.64 0.65 0.62 0.63 0.65 0.64 0.65 0.63 0.64 
7 0.71 0.71 0.72 0.72 0.71 0.74 0.71 0.73 0.73 0.72 
8 0.84 0.85 0.84 0.83 0.83 0.87 0.85 0.85 0.84 0.86 
9 0.91 0.92 0.95 0.92 0.93 0.93 0.94 0.95 0.94 0.94 
10 1.03 1.06 1.05 1.04 1.05 1.04 1.08 1.08 1.05 1.06 
11 1.22 1.25 1.26 1.23 1.24 1.25 1.28 1.29 1.26 1.27 
12 1.28 1.31 1.32 1.31 1.29 1.32 1.31 1.35 1.35 1.34 
13 1.31 1.35 1.36 1.35 1.37 1.37 1.34 1.37 1.37 1.36 
14 1.36 1.37 1.39 1.39 1.38 1.38 1.37 1.40 1.37 1.40 
15 1.38 1.38 1.39 1.40 1.40 1.39 1.39 1.45 1.42 1.41 
16 1.37 1.38 1.42 1.40 1.44 1.39 1.39 1.43 1.46 1.42 
17 1.36 1.40 1.41 1.41 1.42 1.38 1.41 1.41 1.46 1.42 
18 1.38 1.39 1.41 1.40 1.43 1.36 1.40 1.43 1.41 1.41 
19 1.38 1.40 1.41 1.43 1.42 1.42 1.42 1.43 1.40 1.41 
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Table C2: The Density K Raw Data of Ten RAW(2) File Patterns 
RAW(2) Pattern No. 
Q-14 (Dk) 1 2 3 4 5 6 7 8 9 10 
0 0.22 0.21 0.22 0.21 0.22 0.23 0.21 0.22 0.21 0.22 
1 0.24 0.25 0.26 0.24 0.26 0.26 0.25 0.25 0.25 0.26 
2 0.32 0.33 0.33 0.32 0.34 0.32 0.33 0.34 0.33 0.33 
3 0.39 0.40 0.41 0.40 0.42 0.40 0.42 0.41 0.40 0.41 
4 0.47 0.47 0.48 0.47 0.49 0.48 0.47 0.49 0.47 0.48 
5 0.55 0.54 0.56 0.53 0.55 0.56 0.56 0.55 0.54 0.55 
6 0.61 0.62 0.64 0.62 0.61 0.63 0.62 0.63 0.62 0.62 
7 0.70 0.71 0.73 0.70 0.69 0.71 0.73 0.72 0.71 0.69 
8 0.81 0.83 0.84 0.81 0.83 0.83 0.84 0.86 0.82 0.83 
9 0.88 0.90 0.90 0.90 0.91 0.90 0.93 0.94 0.91 0.90 
10 1.00 1.02 1.02 1.02 1.01 1.02 1.04 1.04 1.02 1.01 
11 1.15 1.16 1.17 1.19 1.17 1.15 1.18 1.17 1.16 1.15 
12 1.25 1.28 1.28 1.28 1.29 1.26 1.28 1.29 1.29 1.28 
13 1.30 1.31 1.34 1.31 1.33 1.30 1.33 1.34 1.34 1.32 
14 1.31 1.32 1.37 1.35 1.36 1.32 1.34 1.36 1.35 1.36 
15 1.35 1.36 1.39 1.38 1.39 1.37 1.36 1.38 1.39 1.38 
16 1.35 1.36 1.40 1.39 1.40 1.36 1.38 1.41 1.41 1.39 
17 1.35 1.38 1.41 1.39 1.41 1.37 1.38 1.41 1.38 1.40 
18 1.36 1.39 1.39 1.40 1.40 1.36 1.41 1.41 1.39 1.40 
19 1.35 1.39 1.41 1.39 1.40 1.35 1.40 1.40 1.39 1.39 
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Table C3: The Density K Raw Data of Ten 4x5 TIFF(3) File Patterns 
4x5TIFF(3) Pattern No. 
Q-14 (Dk) 1 2 3 4 5 6 7 8 9 10 
0 0.22 0.22 0.22 0.22 0.22 0.21 0.22 0.21 0.22 0.23 
1 0.24 0.23 0.23 0.23 0.23 0.22 0.23 0.21 0.23 0.34 
2 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.34 
3 0.43 0.44 0.43 0.43 0.43 0.43 0.43 0.43 0.44 0.43 
4 0.50 0.50 0.50 0.48 0.49 0.48 0.49 0.50 0.49 0.49 
5 0.57 0.57 0.58 0.56 0.56 0.58 0.57 0.57 0.56 0.56 
6 0.63 0.62 0.64 0.62 0.64 0.63 0.63 0.64 0.65 0.63 
7 0.72 0.73 0.74 0.72 0.72 0.72 0.73 0.74 0.75 0.75 
8 0.83 0.84 0.87 0.84 0.84 0.84 0.83 0.85 0.83 0.84 
9 0.92 0.90 0.95 0.91 0.93 0.94 0.93 0.95 0.92 0.91 
10 1.04 1.04 1.06 1.05 1.05 1.04 1.05 1.07 1.05 1.03 
11 1.17 1.16 1.20 1.17 1.17 1.16 1.16 1.18 1.19 1.18 
12 1.21 1.23 1.26 1.24 1.24 1.22 1.24 1.27 1.27 1.25 
13 1.25 1.28 1.29 1.30 1.31 1.27 1.30 1.29 1.32 1.30 
14 1.32 1.34 1.38 1.36 1.37 1.32 1.34 1.40 1.37 1.37 
15 1.34 1.35 1.38 1.38 1.38 1.34 1.35 1.40 1.39 1.37 
16 1.34 1.36 1.41 1.39 1.39 1.35 1.37 1.41 1.38 1.37 
17 1.33 1.36 1.41 1.37 1.41 1.35 1.35 1.39 1.40 1.39 
18 1.35 1.38 1.41 1.40 1.38 1.35 1.37 1.40 1.41 1.39 
19 1.34 1.35 1.37 1.37 1.39 1.37 1.37 1.41 1.40 1.38 
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Table C4: The Density K Raw Data of Ten 8x10 TIFF(4) File Patterns 
8x10TIFF(4) Pattern No. 
Q-14 (Dk) 1 2 3 4 5 6 7 8 9 10 
0 0.21 0.22 0.21 0.21 0.22 0.21 0.21 0.22 0.22 0.22 
1 0.24 0.25 0.24 0.25 0.25 0.24 0.25 0.25 0.24 0.25 
2 0.35 0.36 0.36 0.36 0.37 0.36 0.36 0.36 0.35 0.36 
3 0.44 0.44 0.44 0.44 0.45 0.43 0.45 0.45 0.44 0.45 
4 0.49 0.50 0.50 0.49 0.50 0.49 0.50 0.49 0.49 0.49 
5 0.55 0.56 0.58 0.56 0.57 0.57 0.56 0.59 0.56 0.56 
6 0.63 0.63 0.65 0.63 0.65 0.64 0.63 0.66 0.62 0.64 
7 0.72 0.73 0.74 0.72 0.74 0.73 0.74 0.73 0.72 0.73 
8 0.83 0.84 0.84 0.83 0.84 0.83 0.84 0.85 0.84 0.82 
9 0.92 0.91 0.92 0.94 0.93 0.92 0.93 0.94 0.92 0.91 
10 1.02 1.05 1.05 1.05 1.06 1.02 1.03 1.07 1.05 1.04 
11 1.16 1.16 1.17 1.19 1.17 1.15 1.16 1.17 1.18 1.18 
12 1.21 1.25 1.25 1.25 1.26 1.23 1.23 1.25 1.24 1.26 
13 1.26 1.26 1.29 1.29 1.30 1.26 1.30 1.28 1.29 1.29 
14 1.31 1.34 1.37 1.36 1.36 1.32 1.31 1.35 1.35 1.37 
15 1.34 1.35 1.40 1.37 1.38 1.34 1.36 1.38 1.37 1.39 
16 1.36 1.35 1.40 1.37 1.38 1.35 1.36 1.39 1.37 1.39 
17 1.35 1.36 1.41 1.39 1.40 1.34 1.39 1.38 1.38 1.39 
18 1.35 1.38 1.39 1.37 1.40 1.35 1.38 1.40 1.37 1.39 
19 1.35 1.36 1.39 1.39 1.40 1.38 1.37 1.38 1.37 1.40 
 
 
